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CONVERSION FACTORS

The inch-pound system of units is used in this report. For readers who prefer metric (International System)
units, the conversion factors for the terms used in this report are listed below:

Multiply By To obtain
acres 0.004047 square kilometers
acre-feet (acre-ft) 1,233 cubic meters
acre-feet per acre (acre-ft/acre) 3.047 x 10° cubic meters per square
kilometer

acre-feet per year (acre-ft/yr) 1,233 cubic meters per year
cubic feet per second (ft3/s) 0.02832 cubic meters per second
feet 0.3048 meters
feet per day (ft/d) 0.3048 meters per day
feet per foot (ft/ft) 1 meters per meter
feet per mile (ft/mi) 0.1894 meters per kilometer
feet per second (ft/s) 0.3048 meters per second
feet squared per day (ft?/d) 0.09290 meters squared per day
gallons per day per square foot 0.04073 cubic meters per day per

[(gal/d)/ft?] square meter
inches 254 millimeters
inches per year (in/yr) 254 millimeters per year
miles 1.609 kilometers
square miles (mi?) 2.590 square kilometers

Additional abbreviations used:
mg/L milligrams per liter
pg/L micrograms per liter

Specific conductance is given in microsiemens per centimeter (uS/cm) at 25 degrees Celsius. Microsiemens
per centimeter is numerically equal to micromhos per centimeter.
DEFINITION OF TERMS
Water year: Except as explicitly modified, "water year" refers to the 12-month period that starts October
1 and ends September 30; it is designated by the calendar year in which it ends and which contains 9 of the 12

months.

Cachuma water year: The Cachuma water year is the 12-month period May 15-May 14.

Sca level: In this report "sea level" refers to the National Geodetic Vertical Datum of 1929 (NGVD of
1929)--a geodetic datum derived from a general adjustment of the first-order level nets of both the United
States and Canada, formerly called Sea Level Datum of 1929.
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GEOHYDROLOGY OF THE FOOTHILL
GROUND-WATER BASIN NEAR
SANTA BARBARA, CALIFORNIA

By John R. Freckleton

ABSTRACT

The 4.5-square-mile Foothill ground-water basin is
in southwestern Santa Barbara County, California,
northeast of the city of Goleta and northwest of the city
of Santa Barbara. In previous reports, the westemn part
of the Foothill basin is referred to as the East subbasin
of the Goleta ground-water basin and the eastern part
as Storage Unit II of the Santa Barbara ground-water
basin. Geohydrologic data presented in this report
indicate that the Foothill basin is a separate ground-
water basin, which is bordered on the north and
northeast by the Santa Ynez Mountains and on three
sides by faults that impede ground-water flow.
Sedimentary rocks of Tertiary age underlie the
ground-water basin and form its lower boundary.

The Santa Barbara Formation, which forms the
principal aquifer of the basin, consists primarily of
Pleistocene and Pliocene unconsolidated marine sand,
silt, and clay, and has a maximum thickness of about
400 feet. The aquifer is confined in places where a zone
of low permeability in its upper part separates its
major water-bearing zones from overlying Quaternary
and Pleistocene alluvium.

Although the Modoc, Mesa, and Mission Ridge
faults act as barriers to ground-water movement in the
Santa Barbara Formation, application of Darcy’s law to
discharge areas, as indicated by water-level contours,
suggests that ground water can flow over the tops of the
faults through the unfaulted younger alluvium in the
vicinity of Cieneguitas and Atascadero Creeks and
south of the confluence of Arroyo Burro and San Roque
Creek.

The main sources of recharge to the Foothill basin
are seepage from streams, infiltration of precipitation,
and subsurface inflow from consolidated rocks of the
Santa Ynez Mountains.  Estimates of recharge by
streams range from about 160 to 460 acre-feet per year.
Precipitation infiltration is estimated to be about 320
acre-feet per year. Subsurface inflow is estimated to
range from about 25 to as much as 300 acre-feet per
year. During nonpumping conditions, ground-water
discharge as underflow and to streams is estimated to
range from about 500 to 1,100 acre-feet per year.
Ground-water discharge as underflow in 1985 is
estimated to be about 280 acre-feet.

Ground-water pumping in the area began in the
1800’s. During the period of record, 1935-87, pumpage
ranged from 160 to about 2,400 acre-feet per year.
Pumpage in 1987 is estimated to be about 1,300
acre-feet.

Ground-water levels declined more than 60 feet
during periods of heavy pumping in the early 1950,
but levels generally rose during the mid-1950’s to the
late 1970’s. Measured water levels during 1984-87
indicate a general decline, which may reflect increased
pumpage during this period.

Water-quality data indicate markedly different water
types, generally with greater concentrations in principal
cations and ions and greater dissolved solids, in the
Foothill ground-water basin in comparison with nearby
basins. Nitrate concentrations in samples from two
basin wells exceeded the primary maximum
contaminant level (10 milligcams per liter) as
established by the U.S. Environmental Protection
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Agency. Secondary maximum contaminant levels for
dissolved solids, chloride, and sulfate were exceeded in
some samples. All sampled ground water would be
classified as very hard (greater than 300 milligrams per
liter as CaCO4). Sodium concentrations exceeded 20
milligrams per liter in all water samples and may be a
hazard to the health of those who must restrict sodium
in their diets. The pH of the sampled water ranged
from 7.2 to 8.0.

A three-dimensional finite-difference model was
developed for part of the Foothill basin. The natural
system was simulated with two layers in the model. The
upper layer represents alluvial aquifers, and the lower
layer  represents  primarily the Santa Barbara
Formation. Hydraulic connection between the layers is
simulated as a confining zone, which forms the upper
part of the Santa Barbara Formation. Steady-state-
verification and transient-state model calibrations were
used to estimate or confirm estimates of basin recharge
and natural discharge. Model-calibrated recharge was
calculated to be 905 acre-feet per year. Flow out of the
basin was calculated, using the steady-state-verification
model, to be 905 acre-feet per year. Model limitations
result mainly from imprecise conceptualization of the
natural system and from lack of precise input data.

INTRODUCTION

In 1977, the city of Santa Barbara entered into a
cooperative agreement with the U.S. Geological Survey
to develop and implement a ground-water monitoring
program (Hutchinson, 1979) concentrating on Storage
Unit I of the Santa Barbara ground-water basin (fig. 1).
The study subsequently was extended to an evaluation of
the effects of pumping on water levels and water quality
(Martin, 1984) and the development of a mathematical
ground-water flow model (Martin and Berenbrock,
1986). During the study, the city of Santa Barbara
began to increase pumping in the adjacent Storage Unit
II (of the Santa Barbara ground-water basin) and in the
East subbasin of the Goleta ground-water basin,
hereafter referred to (together) as the Foothill basin.

To better understand the hydrology of the Foothill
basin, the city of Santa Barbara requested that the U.S.
Geological Survey complete a study of the basin similar
to a study completed for the coastal Santa Barbara basin
(Hutchinson, 1979; Martin, 1984; Martin and
Berenbrock, 1986). The purpose of the present study
was to define the geohydrology of the Foothill basin,
with emphasis on the effects of pumping on the ground-
water flow system. As part of the study, a ground-water
flow model was developed for the Foothill basin in order
to evaluate water-level response to ground-water

pumpage. This report describes the results of the
geohydrologic study and the model developed for the
Foothill basin. Data collected from water-quality and
water-level observation wells are included and evaluated
in this report, along with estimates of historical pumpage
and estimates of transmissivity and storage coefficient.

Description of Area

Located in southwestern Santa Barbara County,
northeast of Goleta and northwest of Santa Barbara,
the 4.5-square-mile Foothill basin includes the areas
formerly called the East subbasin of the Goleta ground-
water basin and Storage Unit II of the Santa Barbara
ground-water basin (fig. 1).

Developed areas within the basin are primarily
residential with limited commercial and industrial
activities.  Historically, cattle grazing and then
agriculture were the main land uses. Cattle grazing
virtually ended with the catastrophic drought of 1862-64;
at the end of this period, 5,000 head of cattle was listed
on county assessment rolls--down from 200,000 a year
earlier (Santa Barbara Soil Conservation District, 1968,
p. 4). Agriculture remained a dominant land use,
steadily increasing through the early 1950°s. The
completion of the Cachuma Water Project during this
period (meant, in part, to insure an adequate and
dependable supply of water for agricultural uses)
fostered rapid residential growth, followed by
commercial and industrial expansion (Santa Barbara Soil
Conservation District, 1968, p. 4).

The Goleta-Santa Barbara area is characterized by
a Mediterranean-like climate of warm summers and
mild winters with little frost hazard. Rainfall occurs
principally from November through March; in summer,
occasional thundershowers occur in the adjacent
mountains. Mean annual precipitation at Santa Barbara
for 1931-87 was 1791 in/yr (fig. 2). Extremes in
precipitation include 3.99 inches in 1947 (National
Oceanic and Atmospheric Administration) and 50 inches
in 1861 (Santa Barbara Soil Conservation District,
1968, p. 4).
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Well-Numbering System

Wells are numbered according to their location in
the rectangular system for subdivision of public land.
For example, in well number 4N/27W-12R3, the number
and letter preceding the slash indicate the township
(T. 4 N.); the number and letter following the slash

R28W R27TW R26W

T6N

TSN

T4N

indicate the range (R. 27 W.); the number following the
hyphen indicates the section (sec. 12); and the letter
following the section number indicates the 40-acre
subdivision according to the lettered diagram below.
The final digit is a serial number for wells in each
40-acre subdivision.
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